Background: The Teriflunomide Multiple Sclerosis Oral (TEMSO) trial, a randomized, double-blind, placebo-controlled phase III study, demonstrated that teriflunomide significantly reduced annualized relapse rate (ARR), disease progression and magnetic resonance imaging (MRI) activity, with a favorable safety profile in relapsing multiple sclerosis (RMS) patients. Objective: The purpose of this study was to report the effects of teriflunomide on ARR and disability progression in pre-specified subgroups. Methods: RMS patients (n=1088) were randomized to placebo or teriflunomide, 7 mg or 14 mg, once daily, for 108 weeks. Subgroup analyses were performed for ARR and disability progression by baseline demographics (gender, race, age), disease characteristics (Expanded Disability Status Scale (EDSS) strata, relapse history, multiple sclerosis (MS) subtype), MRI parameters (gadolinium-enhancing lesions, total lesion volume) and prior use of MS drugs. A generalized estimating equation method and Cox regression model were used to assess consistency of the treatment effect across subgroups, utilizing a treatment-by-subgroup interaction test for each factor separately. Results: Reductions in ARR and disability progression were consistent across subgroups in favor of teriflunomide, with no treatment-by-subgroup interaction test reaching statistical significance.
Introduction
Teriflunomide is a new oral disease-modifying therapy (DMT) currently in phase III development for the treatment of relapsing forms of multiple sclerosis (MS). Teriflunomide selectively and reversibly inhibits the mitochondrial enzyme dihydroorotate dehydrogenase required for de novo pyrimidine synthesis. 1 As a consequence, teriflunomide blocks the activation and proliferation of stimulated B and T lymphocytes which require de novo synthesis of pyrimidine to expand. Slowly dividing or resting cells, which rely on the salvage pathway for pyrimidine synthesis, are largely unaffected by teriflunomide. The exact mechanism by Pre-specified subgroup analyses of a placebo-controlled phase III trial (TEMSO) of oral teriflunomide in relapsing multiple sclerosis which teriflunomide exerts its therapeutic effects in MS is not fully understood, but may include a reduced number of activated B and T lymphocytes in the central nervous system (CNS); it is likely that teriflunomide diminishes the number of activated B and T lymphocytes in the periphery that are available to migrate into the CNS.
The Teriflunomide Multiple Sclerosis Oral (TEMSO) trial was the first pivotal phase III study to report from an extensive clinical development program (ClinicalTrials. gov Identifier: NCT00134563). 2 TEMSO was a randomized, double-blind, placebo-controlled, parallel-group study designed to evaluate the efficacy and safety of teriflunomide in reducing the frequency of relapses and accumulation of physical disability in patients with relapsing multiple sclerosis (RMS) over a two-year treatment period. 2, 3 TEMSO demonstrated that both 7 mg and 14 mg once-daily oral doses of teriflunomide significantly reduced the annualized relapse rate (ARR) (relative risk reductions: 31.2% (p=0.0002) and 31.5% (p=0.0005)) and 12-week confirmed disability progression (hazard ratio reductions: 23.7% (p=0.0835) and 29.8% (p=0.0279)) compared with placebo. 2 Both teriflunomide doses were also superior to placebo on a range of magnetic resonance imaging (MRI) endpoints, including the key MRI endpoint: change from baseline in total lesion volume. 2, 4 TEMSO also demonstrated that teriflunomide was well tolerated with a favorable safety profile, with similar incidences of adverse events, serious adverse events and adverse events leading to discontinuation of study drug across the treatment groups. Among the most common adverse events, with an increased incidence in the teriflunomide groups, were diarrhea, nausea, decreased hair density and elevated alanine aminotransferase (ALT) levels. 2 The objective of these pre-planned analyses was to determine whether the effects of both doses of teriflunomide on ARR and disability progression were demonstrated consistently in a range of pre-specified patient subgroups from the TEMSO study related to demographic and disease characteristics at baseline.
Methods

Patients and procedures
Methodological details of the TEMSO study have been reported in detail elsewhere. 2 Briefly, eligible patients were 18-55 years of age, met the McDonald criteria for MS diagnosis 5 and exhibited a relapsing clinical course, with or without progression. Patients were ambulatory (Kurtzke's Expanded Disability Status Scale (EDSS) score ≤5.5) 6 with ≥1 relapse in the preceding year (or ≥2 relapses in the previous two years) but with no relapse within 60 days of randomization. Patients were excluded if they had other systemic diseases, were pregnant or planned to conceive during the trial. Patients were stratified by baseline EDSS score (≤3.5 vs >3.5) and were randomized (1:1:1) to three once-daily treatment groups for 108 weeks: placebo; teriflunomide 7 mg; teriflunomide 14 mg. All patients gave written informed consent prior to entering the study. 2 
Study evaluations
The primary objective of TEMSO was to determine the effect of teriflunomide on ARR, defined as the number of confirmed relapses per patient-year. A relapse was defined as the appearance of a new clinical sign or symptom, or clinical worsening of a previous sign or symptom that had been stable for at least 30 days and persisted for a minimum of 24 hours in the absence of fever. Confirmed relapses required an increase of one point in at least two functional systems, or an increase of two points in at least one functional system (excluding bowel/bladder and cerebral function), or an increase of 0.5 points in EDSS score (1.0 point for EDSS=0) from the previous clinically stable assessment.
The key secondary objective was to determine the effect of teriflunomide on sustained disability progression, as measured by an increase from baseline of at least one point in the EDSS score for at least 12 weeks (or at least 0.5 points for patients with a baseline EDSS score greater than 5.5). The effect of teriflunomide on several MRI parameters, 4 as well as safety and tolerability, was also assessed.
Pre-specified subgroup analyses were performed for the primary and key secondary clinical endpoints (ARR and 12-week confirmed disability progression) according to baseline demographic features (age, gender, geographical location), clinical disease activity (relapse history, MS subtype), MRI parameters (gadolinium (Gd)-enhancing T1 lesions, total lesion volume) and prior use of other DMTs. The consistency of treatment effect across each subgroup was assessed by a treatment-by-subgroup interaction for each factor separately.
Subgroup stratifications
ARR and disability progression were analyzed for each treatment group and also by subgroups stratified by various baseline demographic and disease characteristics. Subgroups were selected on the basis of previous studies that have shown them to be potential predictors of clinical outcome in patients with RMS on therapy. [7] [8] [9] Stratifications included baseline demographics (age (<38 years, ≥38 years), gender (male, female) and geographical region (Eastern Europe, Western Europe, Americas)); clinical disease characteristics (EDSS score (≤3.5, >3.5), relapses in the past two years (≤1, 2, 3, ≥4) and MS subtype (secondary progressive/progressive relapsing, relapsing-remitting)); MRI characteristics (number of Gd-enhancing T1 lesions per scan (0, ≥1), total lesion volume (<13 mL, ≥13 mL)); and previous use of disease-modifying MS drugs (yes, no). For these subgroup analyses, the cut-off point for total lesion volume was set to 13 mL and the cut-off point for age was set to 38 years; these thresholds were selected as they lay close to the median total lesion volume and age of all randomized patients at baseline, respectively, at the time of writing the statistical analysis plan.
Statistical analysis
For each subgroup, ARR was analyzed using a robust Poisson regression model. Response variables were the number of confirmed relapses between randomization and the last dose date; covariates were treatment, region and baseline EDSS strata; and the offset variable was log-transformed standardized exposure duration.
Disability progression was analyzed using a Cox regression model. The dependent variable was time to first disability progression; the test variable was treatment, region and baseline EDSS strata. The Kaplan-Meier method was used to estimate the disability progression rate specific to each arm.
The p-value for interaction for ARR was derived using a Poisson model with the number of confirmed relapses between randomization and last dose date as the response variable; treatment, baseline EDSS strata, region, subgroup and treatment-by-subgroup interaction as covariates; and logtransformed standardized study duration as an offset variable. The p-value for interaction for 12-week confirmed disability progression was derived from a Cox proportional hazard model with treatment, baseline EDSS strata, region, subgroup and treatment-by-subgroup interaction as covariates.
Results
Study disposition
A total of 1088 patients from 127 clinical centers across 21 countries were randomized to receive once-daily doses of placebo, teriflunomide 7 mg or teriflunomide 14 mg for 108 weeks. Of these, 1086 patients were exposed to treatment and formed the modified intention-to-treat population. A total of 869 patients (79.9%) completed the study with similar proportions across the three treatment groups (290 (79.9%), 296 (80.9%) and 283 (78.8%) in the placebo, teriflunomide 7 mg and 14 mg groups, respectively). 2 
Study population
Baseline patient demographics and disease characteristics of the randomized population separated out according to subgroups under evaluation in this analysis are presented in Table 1 . Baseline demographics and disease characteristics were well balanced across the different treatment groups, and reflect a typical population of patients with RMS. Thus, the study population was predominantly female (72.2%) and Caucasian (97.5%) with a mean age of 38 years. The majority of patients had EDSS scores below 3.5, with two or fewer relapses in the two years prior to entry into the study. Most patients had a relapsing-remitting type of disease, but 8.6% of the population had secondary progressive MS with relapses or progressive relapsing MS. In terms of baseline MRI activity, the median total lesion volume was approximately 13 mL, with 36.2% of patients having at least one Gd-enhancing T1 lesion at baseline. Finally, the majority (73.0%) of patients had not received any DMTs within two years prior to randomization; of the 294 patients who had received prior therapy, the distributions of patients within each type of previous treatment was similar across treatment groups.
Effects of teriflunomide: subgroup analyses
The beneficial effect observed for teriflunomide on ARR was consistent across the different patient subgroups analyzed, whether evaluated according to gender, age, geographic region, baseline EDSS strata, relapse history, MS subtype, MRI parameters or prior use of DMTs. The relative ARR benefit consistently favored both doses of teriflunomide, with no treatment-by-subgroup interaction test reaching statistical significance at the p=0.05 level ( Table 2 ). There was, however, a trend towards an interaction for the 14 mg dose and baseline EDSS grouping, with a quantitatively smaller effect on ARR between-group difference in the EDSS score >3.5 stratum compared with the ≤3.5 stratum (p=0.07) (Table 2; Figure 1) .
The effect of teriflunomide on the risk of disability progression was again consistent across each patient subgroup analyzed. Statistical significance was not reached for any treatment-by-subgroup interaction (p>0.05). For disability progression, there was a trend towards an interaction for both the 7 mg and 14 mg doses and baseline EDSS grouping, with a quantitatively larger difference in reduction of sustained disease progression for the EDSS score >3.5 stratum as compared with the ≤3.5 stratum (p=0.09 and p=0.07, respectively) (Table 3; Figure 2 ).
Discussion
In the TEMSO study, teriflunomide consistently and significantly reduced the rate of clinical relapse, the risk of disability progression (at the higher dose) and suppressed active inflammatory lesions as visualized on MRI compared with placebo. The benefits of treatment on relapse rate and disability progression were consistent across all pre-defined subgroups whether stratified according to baseline demographic features or disease characteristics.
To contextualize this analysis of the TEMSO data, other subgroup analyses of investigational MS agents were examined. When making comparisons across studies, however, caution should always be exercised owing to differences between study designs and patient populations. A homogeneous treatment effect was seen across all subgroups and baseline demographics analyzed for phase III trials of both oral fingolimod 10 and cladribine. 11 A subgroups analysis of a phase II trial with BG-12 also demonstrated homogeneity across all baseline disease characteristics and demographic subgroups investigated. 12 Teriflunomide is a promising, safe and effective new oral monotherapy for RMS, representing a potential firstline treatment option in this patient population. The beneficial effect of teriflunomide on relapse rate and disease progression was homogeneous across all baseline demographics, clinical and MRI disease characteristics of all the prospectively defined subgroups in the TEMSO study population.
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